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1 Construction 

1.1 Agarose gel electrophoresis 

1.1.1 Gel preparation 

1) To separate medium size fragments, the agarose gel is used in a concentration of 1% w/v. 

Weight 0.25/0.5/1 g of agarose powder in an erlenmeyer flask. 

2) Measure 25/50/100 mL of TAE buffer and add it to the erlenmeyer 

3) Put the mix in the microwave until the agarose is completely dissolved. 

4) Add the gel nucleic stain by 0.01%. 

5) Let the mix cool down till it can be added to the electrophoresis tray 

6) Allow the solution to set. 

1.1.2 Electrophoresis 

1) When agarose gel is solidified, remove the comb and put the gel into the Electrophoresis 

Cells filled with 1XTAE buffer. 

2) Add 6X purple loading buffer (from NEB) mixed each DNA sample if the PCR enzyme is not a 

self-autographing mixture. 

3) Load the DNA samples in the remaining wells(1.5μL for detection, all for purification) 

4) Run the gel with the voltage 110V for 5 min and 150V for 25 min. 

5) Visualize the DNA fragments using a UV trans illuminator. 
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1.2 Polymerase Chain Reaction 

• We’ve used several polymerase products from different company, such as HiFi from Vazyme, 

Phanta from Vazyme, Pfu from TIANGEN, Gold from YEASEN. But since the major 

component were acquired from pfu Master Mix of TIANGEN and Phanta®  Max Super-

Fidelity DNA Polymerase, we only enlisted two PCR protocols. 

1.2.1 Ordinary PCR 

contents ddH2O front-primer 
(10μM) 

rear-primer 
(10μM) 

DNA template dNTP Mix  

(10mM) 
2 × Phanta 

Max Buffer 
Phanta Max Super-

Fidelity DNA Polymerase  

volume (μL) 18 2 2 1 1 25 1 

contents ddH2O front-primer (10μM) rear-primer (10μM) DNA template pfu master mix 

volume (μL) 19 2.5 2.5 1 25 

• PCR system (50μL) 

Phanta from Vazyme 

Pfu master mix from TIANGEN (50μL) 

 

The optimal DNA template concentration range is 50-400 ng for genomic DNA, 10pg - 

30ng for plasmid DNA. We should dilute the DNA template if it’s too high. 

 

• PCR condition 

a. It is recommended that most templates have a pre-denaturation temperature of 95 

° C for 30 sec of plasmid or viral DNA, 3 min of genomic or cDNA. b. Set the annealing 

temperature according to the Tm value of the primer. If the primer Tm value is ≥ 72 ° 

C, the annealing step can be deleted and the subsequent extension step (two-step 

PCR) can be directly performed. If desired, a temperature gradient can be created to 

find the optimum temperature at which the primer binds to the template. In addition, 

the annealing temperature directly determines the amplification specificity. If the 

amplification specificity is found to be poor, the annealing temperature can be 

appropriately increased. c. Appropriate extension of the extension time will help to 

increase the yield. 

Pfu master mix from TIANGEN 

95℃ 5:00 × 1 

95℃ 0:30 

× 34 50~60℃ 0:30 

72℃ 0.5kb/min 

72℃ 5:00 × 1 

 

Phanta from Vazyme 

98℃ 3:00 × 1 

98℃ 0:15-0:20 

× 34 50~60℃ 0:20~0:30 

72℃ 1kb/min 

72℃ 5:00 × 1 
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1.2.2 touch-down/up PCR 

• If the fragments are larger than 5kb, we highly recommend touch down PCR. And if 

the fragments have an additional comparatively long end sequence introduced by 

primer, we highly recommend touch up PCR.  

• Touch up PCR condition 

The T1=Tm - (5~6℃), and the first cycle could range from 8~10. 

 

• Touch down PCR condition 

The T1=Tm +(3~4℃), and the first cycle could range from 8~10. 

  

Phanta from Vazyme 
(touch down) 

98℃ 3:00 × 1 

98℃ 0:15-0:20 

× 10 T2℃ (-1℃/cycle) 0:20~0:30 

72℃ 1kb/min 

98℃ 0:15-0:20 

× 25 T2+10℃ 0:20~0:30 

72℃ 1kb/min 

72℃ 5:00 × 1 

 

Pfu master mix from TIANGEN 
(touch down) 

95℃ 5:00 × 1 

95℃ 0:30 

× 10 T2℃ (-1℃/cycle) 0:30 

72℃ 0.5kb/min 

95℃ 0:30 

× 25 T2+10℃ 0:30 

72℃ 0.5kb/min 

72℃ 5:00 × 1 

 

Phanta from Vazyme 
(touch down) 

98℃ 3:00 × 1 

98℃ 0:15-0:20 

× 10 T1℃ (+1℃/cycle) 0:20~0:30 

72℃ 1kb/min 

98℃ 0:15-0:20 

× 25 T1+10℃ 0:20~0:30 

72℃ 1kb/min 

72℃ 5:00 × 1 

 

Pfu master mix from TIANGEN 
(touch down) 

95℃ 5:00 × 1 

95℃ 0:30 

× 10 T1℃ (+1℃/cycle) 0:30 

72℃ 0.5kb/min 

95℃ 0:30 

× 25 T1+10℃ 0:30 

72℃ 0.5kb/min 

72℃ 5:00 × 1 
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1.3 DNA purification 

1.3.1 Purification after gel electrophoresis 

1) Column equilibration: Add 500 μl Buffer BL to the Spin Column CB2 (In a 2 ml 

Collection Tube). Centrifuge at 12,000 rpm (~13,400 x g) for 1 min. Discard the flow-

through, and set the Spin Column CB2 back into the Collection Tube (Please use 

freshly treated spin column).  

2) Cut the single stripe of DNA fragment from the agarose gel with a clean, sharp 

scalpel. Weigh the agarose gel slice in a clean microcentrifuge tube.  

3) Add equal volume of Buffer PC to 1 volume of gel (For estimation purpose, 100 mg is 

approximately 100 µl). Incubate at 50°C for about 10 min by inverting up and down 

the tube until the agarose gel dissolved completely (If the agarose gel is too large, 

please cut the agarose gel into several pieces firstly).  

4) Transfer the whole solution to the Spin Column CB2 (in a 2 ml Collection Tube). 

Centrifuge at 12,000 rpm (~13,400 x g) for 1 min. Discard the flow-through and set 

the Spin Column CB2 back into the Collection Tube.  

5) Add 600 µl Buffer PW (Ensure that ethanol (96-100%) has been added to Buffer PW 

before use) into the Spin Column CB2 and centrifuge at 12,000 rpm (~13,400 x g) for 

1 min. Discard the flow-through, and set the Spin Column CB2 back to the Collection 

Tube.   

6) Repeat Step 5.  

7) Set the Spin Column CB2 back to the Collection Tube and centrifuge the column at 

12,000 rpm (~13,400 x g) for an additional 2 min to remove residual wash buffer. 

Discard the flow-through, and allow the column to air dry with the cap open for 

several minutes to dry the membrane.  

8) To elute DNA, place the column in a clean 1.5 ml microcentrifuge tube. Add 

appropriate volume of  Buffer EB (For fragments >4 kb, Buffer EB should be 

preheated to 65~70°C) to the center of the membrane, incubate at room 

temperature (15-25°C) for 2 min, and centrifuge at 12,000 rpm (~13,400 x g) for 2 

min.  

1.3.2 Purification directly from PCR product 

1) Column equilibration: add 500 μl Buffer BL to the Spin Column CB2 (In a 2 ml 

Collection Tube). Centrifuge at 12,000 rpm (~13,400 x g) for 1 min. Discard the flow-

through, then Set Spin Column CB2 back into the Collection Tube (Please use freshly 

treated spin column).  

2)  Estimate the volume of PCR reactions or enzymatic reactions. Add equal volume of 

Buffer PC to the PCR reaction and mix (It is not necessary to remove mineral oil or 

kerosene.)  
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3)  Transfer the whole solution to the Spin Column CB2 (in a 2 ml Collection Tube). 

Incubate at room temperature (15-25°C) for 2 min and centrifuge at 12,000 rpm 

(~13,400 x g) for 1 min. Discard the flow-through and set the Spin Column CB2 back 

into the Collection Tube.  

4)  Add 600 µl Buffer PW (Ensure that ethanol (96-100%) has been added to Buffer PW 

before use) into the Spin Column CB2 and centrifuging at 12,000 rpm (~13,400 x g) 

for 1 min. Discard the flow-through, and set the Spin Column CB2 back to the 

Collection Tube. 

5) Repeat Step 4.  

6)  Set the Spin Column CB2 back to the Collection Tube and centrifuge the column for 

an additional 2 min to remove residual wash buffer. Discard the flow-through, and 

allow the column to air dry with the cap open for several minutes to dry the 

membrane.  

7) To elute DNA, place the column in a clean 1.5 ml microcentrifuge tube. Add 

appropriate volume of  Buffer EB (For fragments >4 kb, Buffer EB should be 

preheated to 65~70°C) to the center of the membrane, incubate at room 

temperature (15-25°C) for 2 min, and centrifuge at 12,000 rpm (~13,400 x g) for 2 

min.   
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•  

1.4 DNA ligation 

1.4.1 Ligation using Gibson-Assembly method 

1) Linearization of cloning vector preparation: 

The appropriate cloning site was selected and the cloning vector was linearized. It is 

recommended to select a region with no repeat sequence and a uniform GC content for 

cloning. When the GC content in the 20 bp region upstream and downstream of the vector 

cloning site is within the range of 40%-60%, the recombination efficiency will be 

maximized.The cloning vector can be linearized by restriction endonuclease digestion or 

reverse PCR amplification. The concentration after recovery should be 70 ng/μl or more.  

For the low copy number plasmid, the method of manual large pumping is adopted uniformly, 

and the RNase treatment is carried out for single enzyme digestion. Enzyme digestion should 

be sufficient. The digested product can be directly used in the ITA reaction after inactivation 

of the dicer in 60 minutes within 10 minutes (or inactivation by reference to the 

instructions). Vector amplification using high fidelity polymerase to reduce the introduction 

of amplification mutations. PCR amplification templates use pre-linearized plasmids as much 

as possible to prevent the effect of residual circular plasmid templates on the positive rate of 

cloning. 

2) Insert fragment amplification primer design: 

By introducing a homologous recombination sequence at the 5' end of the primer, the 

amplified products and the linearized cloning vector have completely identical sequences 

capable of homologous recombination with each other (the homologous arm overhang is 28-

30 bp). ). 

3) Insert PCR amplification 

The insert was amplified with high fidelity enzyme and no A was added at the end. 

4) Carry out the recombination reaction: 

The following reaction system was prepared in an ice water bath. The amount of carrier used 

should be 50-100 ng. When calculating the amount of DNA used outside this range, the 

minimum or maximum amount of use can be directly selected. Fragment molar: carrier molar 

= 3:1 (if the multi-fragment splicing ratio is 1:1...), when the fragment is less than 200 bp, the 

optimal ratio is 5:1. The insert DNA should be used in an amount greater than 10 ng. When 

the calculated DNA usage is lower than this value, 10 ng can be used directly. If the number 

of fragments is too large, more ITA Master Mix reagents should be added as appropriate. 

 2-3 fragments 4-6 fragments 

ITA Master Mix（1.33X） 15l 15l 

fragments total volume 0.02-0.5pmols   Xl 0.2-1pmols    Xl 

add ddH2O to 20l 20l 
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After the system is prepared, use a pipette to gently mix the components several times to 

avoid air bubbles. The reaction was carried out at 50 °C. Reaction time: 60 min reaction can 

reach maximum efficiency. 

5) Conversion and coating 

Take the dialyzed reaction solution, add 10 μl to 100 ul of competent cells, mix gently under 

the wall of the tube, and place on ice for 30 min. Heat shock at 42 ° C for 90 s, ice bath for 2 

min. Add 800 ul of LB medium and shake slowly at 37 ° C for 1 h. The supernatant was 

removed by centrifugation, and 100-200 μl of the activated bacterial solution was uniformly 

coated on the corresponding resistant plate. The plate was inverted and cultured overnight 

at 37 °C. All reagents and steps were normal with 100-200 colonies/plate. 

1.4.2 Ligation using T4-ligase method (NEB) 

1) Set up the following reaction in a microcentrifuge tube on ice. 

(T4 DNA Ligase should be added last. Note that the table shows a ligation using a 

molar ratio of 1:3 vector to insert for the indicated DNA sizes.)   

2) Table 4. Reaction set-up 

3) Gently mix the reaction by pipetting up and down and microfuge briefly. 

4) For cohesive (sticky) ends, incubate at 16°C overnight or room temperature for 10 

minutes. 

5) For blunt ends or single base overhangs, incubate at 16°C overnight or room 

temperature for 2 hours (alternatively, high concentration T4 DNA Ligase can be 

used in a 10 minute ligation). 

6) Heat inactivate at 65°C for 10 minutes. 

7) Chill on ice and transform 1-5 μl of the reaction into 50 μl competent cells. 

  

COMPONENT 20 μl REACTION 

T4 DNA Ligase Buffer (10X) 2 μl 

Vector DNA (4 kb) 50 ng (0.020 pmol) 

Insert DNA (1 kb) 37.5 ng (0.060 pmol) 

Nuclease-free water to 20 μl 

T4 DNA Ligase 1 μl 
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1.5 Transformation 

1.5.1 Competent cells preparation 

1) DH5ɑ is activated on LB plates and is divided into single colonies 

2) Pick a single colony and inoculate it in 2-3 mL of LB liquid medium overnight. 

3) Inoculate the seed solution in fresh LB medium at 37℃for 1.5-3 h at a ratio of 1%. When the 

OD600 reaches about 0.4-0.6, the culture is taken out and placed on ice for 15-30 min, then 

transferred to pre-cooled 50 mL. Centrifuge the tube at 5000 rpm for 5 min at 4℃, discard 

the supernatant, and wash the cells once with sterile water. 

4) Add 5mL of pre-cooled 0.1M calcium chloride solution to each centrifuge tube, and place it 

on ice for 15-30min, then gently shake the centrifuge tube until the bacteria at the bottom of 

the centrifuge tube are scattered (the whole process should be kept low temperature, gently 

Mix) 

5) Then centrifuge at 5000 rpm for 5 min at 4℃ discard the supernatant, and then add an 

appropriate amount of pre-cooled 0.1 M calcium chloride solution containing 10% glycerol. 

Place on ice for 5 min, then shake the bacteria gently, then follow each 90 μL of the tube was 

dispensed into a pre-cooled 1.5 mL EP tube and stored at -80℃for later use. 

1.5.2 Chemical transformation 

1) Chill on ice an aliquot of 100 μl of chemically competent cells 2. Add to 5-10 μl of DNA to the 

aliquot. Shake gently to mix them to homogeneous. Incubate on ice for 30 minutes. 

2) Heat shock at 42°C for 45 seconds. Incubate on ice for 5 minutes. 

3) Add 950 μl of Fresh LB media. Shake at 200rpm 37°C for 1 hour. 

4) Centrifuge the cell at 12000rpm for 1 min, discard the supernatant and resuspend the pellet  

with 100-200 μL LB and Plate the cells with the appropriate antibiotic. 
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1.6 Colony PCR 

Since the aim of colony PCR is to identify whether the fragment exist or not, so we used less 

high fidelity taq polymerase for TIANGEN to amplify our products. 

It should be noticed that the pre-denaturing time is 10min for complete release of plasmid for 

intact cells. And the cycle number only needs to be 30 to be detected by electrophoresis. 

contents ddH2O front-primer (10μM) rear-primer (10μM) DNA template pfu master mix 

volume (μL) 3.5 0.5 0.5 0.5 5 

• PCR system (10μL)  

• PCR condition 

 

1) Colonies are picked and marked and pipetted down in 50µl of sterile PCR water or LB media.  

2) 0.5 µl of liquid are used as DNA template for PCR.   

3) On ice, add all components in a 250 µL tube, making up to a 25 µl volume reaction. If 

checking the presence of a plasmid in many colonies, a Master Mix is recommended to be 

done by including all reagents except colonies.    

taq from TIANGEN 

95℃ 10:00 × 1 

95℃ 0:30 

× 30 50~60℃ 0:30 

72℃ 1kb/min 

72℃ 5:00 × 1 
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1.7 Plasmid extraction 

We used Universal Plasmid Extraction Kit form TIANGEN. 

1) Add ethanol (96-100%) to Buffer PW before use, check bottle tag for the adding volume.  

2) Column equilibration: Place a Spin Column CP3 in a clean collection tube, and add 500 μl 

Buffer BL to CP3. Centrifuge for 1 min at 12,000 rpm (~13,400 × g) in a table-top 

microcentrifuge. Discard the flow-through, and put the Spin Column CP3 back into the 

collection tube. (Please use freshly treated spin column).  

3)  Harvest 1-5 ml bacterial cells in a microcentrifuge tube by centrifugation at 12,000 rpm 

(~13,400 × g) in a conventional, table-top microcentrifuge for 1 min at room temperature 

(15~25°C), then remove all traces of supernatant by inverting the open centrifuge tube until 

all medium has been drained (For large volume of bacterial cells, please harvest to one tube 

by several centrifugation step.)  

4) Re-suspend the bacterial pellet in 250 μl Buffer P1 (Ensure that RNase A has been added). 

The bacteria should be resuspended completely by vortex or pipetting up and down until no 

cell clumps remain.  

Note: No cell clumps should be visible after resuspension of the pellet, otherwise incomplete 

lysis will lower yield and purity.   

5) Add 250 μl Buffer P2 and mix gently and thoroughly by inverting the tube 6-8 times.  

Note: Mix gently by inverting the tube. Do not vortex, as this will result in shearing of 

genomic DNA. If necessary, continue inverting the tube until the solution becomes viscous 

and slightly clear. Do not allow the lysis reaction to proceed for more than 5 min. If the lysate 

is still not clear, please reduce bacterial pellet.  

6)  Add 350 μl Buffer P3 and mix immediately and gently by inverting the tube 6-8 times. The 

solution should become cloudy. Centrifuge for 10 min at 12,000 rpm (~13,400 × g) in a table-

top microcentrifuge.  

Note: To avoid localized precipitation, mix the solution thoroughly, immediately after 

addition of Buffer P3. If there is still white precipitation in the supernatant, please centrifuge 

again.  

7) Transfer the supernatant from step 5 to the Spin Column CP3 (place CP3 in a collection 

tube) by decanting or pipetting. Centrifuge for 30-60 s at 12,000 rpm (~13,400 × g). Discard 

the flow-through and set the Spin Column CP3 back into the Collection Tube.  

8)  (Optional) Wash the Spin Column CP3 by adding 500 µl Buffer PD and centrifuge for 30-60 

s at 12,000 rpm (~13,400 × g). Discard the flow-through and put Spin Column CP3 back to 

the collection tube. This step is recommended to remove trace nuclease activity when using 

endA+ strains such as the JM series, HB101 and its derivatives, or any wild-type strain, 

which have high levels of nuclease activity or high carbohydrate content. 

9)  Wash the Spin Column CP3 by adding 600 µl Buffer PW (ensure that ethanol (96%-100%) 

has been added) and centrifuge for 30-60 s at 12,000 rpm (~13,400 × g). Discard the flow-

through, and put the Spin Colum CP3 back into the Collection Tube.  

10) Repeat Step 8.  
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11)  Centrifuge for an additional 2 min at 12,000 rpm (~13,400 × g) to remove residual wash 

Buffer PW. Note: Residual ethanol from Buffer PW may inhibit subsequent enzymatic 

reactions. We suggest open CP3 lid and stay at room temperature for a while to get rid of 

residual ethanol.  

12)  Place the Spin Column CP3 in a clean 1.5 ml microcentrifuge tube. To elute DNA, add 50-

100 μl Buffer EB to the center of the Spin Column CP3, incubate for 2 min, and centrifuge for 

2 min at 12,000 rpm (~13,400 × g).  

Note: If the volume of eluted buffer is less than 50 μl, it may affect recovery efficiency. The 

pH value of eluted buffer will have some influence in eluting; Buffer EB or distilled water (pH 

7.0-8.5) is suggested to elute plasmid DNA. For long-term storage of DNA, eluting in Buffer 

EB and storing at -20°C is recommended, since DNA stored in water is subject to acid 

hydrolysis. Repeat step 11 to increase plasmid recovery efficiency. 

  



web lab protocols -ECUST 2019 

12 

1.8 Restriction enzyme digestion 

We used restriction enzymes From NEB and TAKARA. 

 

• Restriction condition 

The reaction components must be taken in an ice bucket, so they are added in order (water, 

buffer, DNA and enzymes) to a microcentrifuge tube. 

  

NEB restriction enzyme 

Restriction Enzyme 1 µl 

DNA 1 µg 

Cut Smart Buffer (10X) 5 µl 

ddH2O  to 50 µl 

Incubation Time 1 hour 

Incubation Temperature 37℃ 

 

TAKARA restriction enzyme 

Restriction Enzyme 1 µl 

DNA 1 µg 

Quick CUt Buffer (10X) 5 µl 

ddH2O to 50 µl 

Incubation Time 1 hour 

Incubation Temperature 37℃ 
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1.9 Culture medium preparation  

Configure 250ml solid LB medium 

 

1) Add 250 ml of water to a 500 ml beaker to volume and mark the liquid line; 

2) Wash the beaker, pour about 200ml of deionized water, and place it on a magnetic stirrer for 

stirring; 

3) Weigh the medicine into the beaker according to the following ratio 

4) After all the ingredients are completely dissolved, stop stirring and make up the deionized 

water to the marking line; 

5) Weigh 4.5g agar in a 500ml Erlenmeyer flask at a ratio of 1.8%, and add the prepared 

medium; 

6) Gauze kraft paper coating, autoclaved at 121 °C. 

If the solid LB media is needed, just add 1% w/v of agar into the liquid before autoclaving. 

  

Tryptone 1% 2.5g 

Yeast extract 0.5% 1.25g 

NaCl 1% 2.5g 
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1.10 Glycerol stock preparation 

The glycerol tube cryopreservation method is to preserve the growth and metabolism of 

microorganisms in glycerol. The method is to autoclave 80% of the glycerin for use. The 

cultured sclerotium species is made into a high concentration bacterial suspension using sterile 

water. Take 1 ml of sterilized glycerin and mix well with the bacterial solution to make the 

glycerol concentration about 10%-30%, and freeze at -70 °C. -20 ° C save time is shorter. Or 

use glycerin-physiological saline with a volume ratio of 8:2, add fresh cultured broth, mix well 

and store in -20 °C refrigerator. 

The method is suitable for the preservation of general bacteria, and is also suitable for 

streptococci, vibrio, fungi and the like which need to be preserved by special methods, has wide 

application range, simple operation, good effect and no variation. The glycerol-saline 

preservation solution preserves the strain better than the glycerol stock solution. The reason 

may be that the addition of physiological saline appropriately reduces the hypertonic effect of 

glycerin, and the broth culture increases the nutrient content of the preservation solution in an 

appropriate amount, thereby better protecting the glycerol culture solution. The strain to be 

preserved.  
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2 Characterization 

2.1 Fluorescence detection 

This protocol is a gift from Fudan University has shared with us when we were collaborating. 

• Determination of Fluorescence Intensity Standard Curve of Fluorescein Salt 

1) The fluorescein salt was removed from the 2019 iGEM Measurement Kit and the short-

speed centrifugation ensured that the dry powder fluorescein salt was at the bottom of the 

tube. 

2) 1 mL of 1×PBS was added to the tube to dissolve the dry powder fluorescein salt to prepare a 

10× fluorescein salt solution, and the 10× fluorescein solution was stored as far as possible in 

the dark. [This step is very important. After adding PBS, it needs to be repeatedly blown until 

the solution sucked in the tip of the gun has no particles.] 

3) Before measuring the standard curve, 100 μL of the solution was taken out from the 10× 

fluorescein salt solution, and added to an EP tube containing 900 μL of PBS to prepare a 1× 

fluorescein salt solution [this step also needs to be protected from light, and the EP tube can 

be wrapped with aluminum foil paper]. 

4) 96-well plates (1~12, A~H) were taken out, and 100 μL of 1×PBS was accurately added to 

the wells A2~A12, B2~B12, C2~C12, and D2~D12. 

5) Accurately add 200μL of 1× fluorescein salt solution in the A1 well, accurately absorb 100μL 

of 1× fluorescein solution from the A1 well and add it into the A2 well, mix it by blowing 3~5 

times; then accurately absorb 100μL of solution from the A2 well and add it to the A3 well. 

And so on, until 100mL solution is accurately taken from the A10 hole, add to the A11 hole, 

blow and mix, then accurately absorb 100μL solution of A11 hole and pour into the waste 

liquid tank. 

6) The same operation was performed on B1 to B12, C1 to C12, and D1 to D12, so that four 

sets of repeated concentration gradient fluorescein salt solutions were prepared. [This step 

is to be protected from light in a 96-well plate. The 96-well plate can be wrapped in 

aluminum foil. 】 

7) The 96-well plate is placed in a microplate reader [or other suitable detection instrument] to 

detect the fluorescence intensity [2019 Fudan-TSI uses 485 nm for the excitation light 

wavelength of green fluorescent protein GFP, and detects the emission wavelength at 528 

nm] 

8) The fluorescence intensities of A1~12, B1~12, C1~12, and D1~12 are input into the table of 

the fluorescence intensity standard curve provided by iGEM. The standard curve is drawn, 

the fluorescence intensity is converted to the concentration of fluorescein and the curve is 

fitted. Software [such as Origin or GraphPad] linearly fits different intervals, and selects the 

interval corresponding to the maximum value of RSquare as the linear range of fluorescence 

intensity. 

• Determination of absorbance standard curve of 2 silicon beads at 600nm 
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1) Remove the silicon beads from the 2019iGEMMeasurementKit and resuspend them for 

30~45s. 

2) 100 μL of silica bead suspension was quickly and accurately taken into an EP tube containing 

900 μL of ddH 2 O, shaken and stored at room temperature. 

3) The 96-well plate (1~12, A~H) was taken out, and 100 μL of ddH2O was accurately added to 

the wells A2~A12, B2~B12, C2~C12, and D2~D12. 

4) Accurately add 200 μL of silica bead suspension in the A1 well, accurately absorb 100 μL of 

silica bead suspension from the A1 well and add it to the A2 well, mix by pipetting for 3~5 

times; then accurately absorb 100 μL of suspension from the A2 well. In the A3 hole, and so 

on, until 100mL of the suspension is accurately aspirated from the A10 hole and added to the 

A11 hole. After mixing and blowing, accurately absorb 100 μL of the suspension in the A11 

well and pour into the waste liquid tank. 

5) The same operation was carried out for B1 to B12, C1 to C12, and D1 to D12, so that four 

sets of repeating silica bead suspensions of silicon beads were prepared. 

6) The 96-well plate is placed in a microplate reader [or other suitable test instrument] to 

measure the absorbance. 

7) Input the OD600 of A1~12, B1~12, C1~12, D1~12 into the official OD600 standard curve 

provided by iGEM, draw a standard curve, convert OD600 into the number of silicon beads 

and use curve fitting software [such as Origin Or GraphPad] linearly fit different intervals, 

and select the interval corresponding to the maximum value of RSquare as the linear interval 

of OD600. 

• Determination of fluorescence intensity and OD600 of experimental samples 

1) Add the bacterial liquid sample used in the experiment to the corresponding well of the 96-

well plate set by yourself [2019 Fudan-TSI is added to 100 μL/well when adding 96-well 

plate], and each sample must have at least 3 sets of weight. complex. [This step 96-well plate 

needs to be protected from light] 

2) A solution of the corresponding fluorescein salt concentration at both ends of the linear 

range of the fluorescence intensity was added to the other two wells of the 96-well plate as a 

standard curve correction for the current operation. [This step 96-well plate and fluorescein 

salt solution need to be completely protected from light] 

3) The suspension of the number of silica beads corresponding to the ends of the linear section 

of the OD600 was added to the other two wells of the 96-well plate as a standard curve 

correction for the current operation. 

4) The 96-well plate is placed in a microplate reader [or other suitable test instrument] to 

measure fluorescence intensity and OD600. 

• data processing 

1) A standard curve of the current operation was prepared using the fitting software [Origin or 

GraphPad] on the fluorescence intensity and the concentration of fluorescein at both ends of 

the OD600 linear interval and the number of silica beads. 
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2) The fluorescence intensity and OD600 of the sample were converted to the fluorescein 

concentration and the number of silica beads according to the equation of the standard 

curve of the current operation. 

3) Calculate the relative fluorescence intensity of the corresponding sample = fluorescein 

concentration / number of silica beads and perform subsequent data processing or mapping. 
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2.2 Protein sample prep 

 

1) Preparation of the extract: According to the sample amount to be extracted, 2 uL of the 

protease inhibitor mixture and the phosphatase inhibitor mixture and 5 μL of the protein 

stabilizing solution were added to each 500 μl of the extract, thoroughly mixed, and placed 

on ice for use. 

2) The bacteria liquid was centrifuged at 4 ° C, 12000 rpm for 5 minutes, the supernatant was 

discarded, the remaining liquid was aspirated as much as possible, and the cells were 

collected. 

3) The cells were washed twice with PBs. If the frozen cells are directly subjected to the 

following steps 

4) Add 500u1 protein extract per 20mg wet weight sample, mix well, place on ice for 20-30 

minutes, vortex and mix every few minutes in the middle or mix with pipette 

5) 300w, 10s ultrasound / 10s interval, ice bath ultrasound to clear the bacteria liquid 

6) The bacterial solution was centrifuged at 12000 rpm for 5 minutes at 4 ° C, and the 

supernatant was transferred to a cold clean centrifuge tube. 

7) That is, a sample of total protein of E. coli was obtained 
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2.3 SDS-PAGE 

1) Prepare Tris-Glycine gel, SDS Running buffer, Run SDS Gel 

2) Set Tris-Glycine gel on core and fill the core by 1X SDS Running buffer. Add your sample (5ul 

for normal sample and 10ul for periplasm sample).  

3) Place core in tank and fix it. Pour 1X SDS Running buffer to the indicative line.  

4) Put the lid on the tank (be careful of positive/negative pole). Set 90V for 10min, then change 

to 120V (set the current at eternal 400mA). Waiting the front of sample touch the lower end 

of the plate. Turn off the voltage, move tank near the sink and take out the core. Pour out the 

running buffer, disassemble the core set. Break open the plates and cut the lanes by shovel.  

5) The dye protocol below is based on Nalgene dying set.  

6) Put the gel into FairBanksA, heat by microwave for 1min15s and then shake by 10min. 

Transfer the basket to FairBanksB, heat by microwave for 45s and then shake by 8min. 

Transfer the basket to FairBanksC, heat by microwave for 45s and then shake by 8min. 

Transfer the basket to FairBanksD, heat by microwave for 1min15s and then shake by 

25min. 

7) Transfer your gel to ddH2O for 2h and reserve the image. 
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2.4 Western blot 

2.4.1 Sample preparation 

1) The samples of western blot described in this protocol were from SDS PAGE. So run a 

regular SDS PAGE first. In the SDS PAGE experiment you can: 

2) Run two exactly same page, after electrophoresis, one for Commassie blue stain (loading 

control) and one for transfer membrane.  

3) Besides the loading control, measures the total concentration of your crude protein by 

Bradford method. Load 10-50 microgram for each sample.  

4) For a more complete negative control, you can run the third gel and directly stain the gel by 

Licor-fluorescence antibody (detection antibody) 

2.4.2 Transfer membrane 

1) Prepare western blot buffer 

Recipe: 48mM Tris, 39mM glycine, 20% MeOH, pH=9.2-9.3 

2) Consulting BioRAD for different recipes to transfer various target proteins 

3) After SDS page, cut your gel into proper size, measure it, cut the PVDF membrane into the 

same size or slightly larger  

4) Soak the gel in western blot buffer for 15-20 min (equilibrium). At the same time: active your 

membrane in the incubation box, 1. Wet in MeOH for 1min, 2. Rinse by ddH2O, 3. Balance in 

western blot buffer 

Note: handle membrane only by clean tweezer at the edge 

5) Prepare the gel sandwich, place the cassette in wet environment with the black face down, 

add the pre-wet fiber pad first, then the pre-wet filter paper, then place the SDS gel in the 

center (no bubble between gel and filter paper), then place the membrane on the gel (again, 

no bubble), then other filter paper, last another pre-wet fiber pad. Place the sandwich at the 

center of the cassette. After locking, confirm the sandwich was evenly forced by the 

cassette. 

Note: The pieces of filter paper are depended on its thickness. The size of filter paper is 

roughly as same as the fiber pad. 

6) Place the cassette in the module with black face black and lock upward. Place the module in 

the tank    

7) Add blue-cold unit and stir bar, then pour pre-cold western blot buffer to the blot line (about 

950ml), put on the lid and place the Tetra system in the freezer and turn on stir 

8) For fast transfer: 120V (constant), 350mA for 90min-120min, For slow transfer :30V 

(constant),O/N 

Note: time for fast transfer can be adjusted to your results. Pay attention to the temperature 

and current of your system   

9) After transfer membrane, unpack the sandwich and remove the membrane by tweezer 

(Mark or photo the front of the membrane) 
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Note: 1. Make sure every band of pre-stained marker can be seen on the membrane 

          2.No marker should be seen on the filter paper 

          3. If you need cut the membrane, do it at this stage 

2.4.3 Immunoblotting 

1) After transmembrane, stain the transferred SDS gel with Commassie blue to check the 

samples remained. When incubate with antibody, bubbles should be avoided.  

2) Place the transferred membrane in the incubation box and pour blocking buffer to cover. 

Gently shake for 1h at R.T. 

Note: blocking buffer can be purchase from manufactures like licor or prepare by yourself= 

1xTBS+ 5% deffated milk powder 

3) Discard blocking buffer, add primary antibody and gently shake for O/N at 4℃. Note: The 

time for primary antibody incubation can be differed from your results. Primary antibody 

was diluted in blocking buffer with 0.1% Tween-20, the dilution rate should refer to the 

manufacture’s instruction  

4) Recover primary antibody, store at -20℃ for recycle use (at most three times was 

recommended). Then rinse membrane by 1xTBST (0.1% Tween-20) 4-5 times. Cover the 

membrane by 1xTBST (0.1% Tween-20), vigorously shake for 10min at R.T and discard the 

washing liquid. Repeat twice. 

5) Add detection antibody and gently shake for 1h at R.T. Dilute antibody-2 according to the 

instruction in blocking buffer with 0.1% Tween-20.  

Note: detection antidody can be the traditional HRP for chemiluminiscence or the 

fluorescence antibody. The dilution rate for LICOR-IRD is 1:20,000-1:5,000. When incubate 

with LICOR-IRD, wrap the incubation box with aluminum foil to prevent light. 

6) Discard detection antibody. Then rinse membrane by 1xTBST (0.1% Tween-20) 4-5 times. 

Cover the membrane by 1xTBST (0.1% Tween-20), vigorously shake for 10min at R.T and 

discard the washing liquid. Repeat twice. 

7) Pour 1xTBS to cover, rinse to remove the remained tween-20. Store at 4℃ until 

photographing. (Step6 is for IRD detection) 

8) Now the membrane is ready for photographing 
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2.5 Enzyme activity test 

2.5.1 CMCNa  Assay 

The unit of enzyme activity (IU/ml) is defined as the amount of enzyme that releases 1 μ mol 

reducing sugar per minute per ml of enzyme solution.  

1) Take 18 μ L CMCNa solution (1%，w/ v) and 2μ L diluted enzyme solution, then mix well. Put 

it on ice, and set a blank control without enzyme solution.  

2) React at 50 ℃ for 30min  

3) After the reaction, insert it into the ice quickly. Add 30 μ LDNS, and mix it well.  

4) React at 99 ℃ for 10min.  

5) Dilute the reaction solution 5 times and read the absorbance value at 540nm.  

6) Subtract the value of the control group from the value of the experimental group. Do three 

parallel experiments to calculate the average value, and calculate the enzyme activity 

according to the Standard Curve of Glucose. 

2.5.2 Filter Paper Assay (FPA) 

The unit of enzyme activity (IU / ml) is defined as the amount of enzyme that releases 1 μ mol of 

reducing sugar per minute per ml of enzyme solution.       

1)  Fold 0.25 × 1.5cm filter paper into “W” shape and put it into a centrifuge tube.       

2) Take 180 μ L PBS buffer of corresponding pH and 20 μ l diluted pre-cooled enzyme solution, 

mix it well and put it on ice. Set up blank control without enzyme solution.        

3) React at 50 ℃ for 60min and reverse mixing tubes every 15min. 

4)  After the reaction, insert it into the ice quickly. Add 30 μ LDNS, and mix it well.  

5) React at 99 ℃ for 10min.  

6) Dilute the reaction solution 5 times and read the absorbance value at 540nm.  

7)  Subtract the value of the control group from the value of the experimental group. Do three 

parallel experiments to calculate the average value, and calculate the enzyme activity 

according to the Standard Curve of Glucose. 

2.5.3 Thin layer chromatography (TLC) 

1) Take 4ml of each enzyme solution, add 5 pieces of filter paper（0.25X1.5cm）or 2ml CMC 

Na (1%, pH7.0) into the centrifuge tube, and react at 37 ℃ for 10 hours. The enzyme was 

inactivated in boiling water bath for 10 minutes and centrifuged the solution at 12000r / min 

for 10 minutes. The supernatant was evaporated and concentrated to 200 μ L.. 

2) TLC experiments were carried out on 2.5x 7.5cm TLC Si 60 plates with the ethyl acetate 

/methyl alcohol / acetic acid/ water (12:3:3:2, V/V/V/V) mobile phase which also obtained 

specific reagent (10:1) in a saturated Twin Trough Chamber for 15 min. The 10mg/mL 

glucose solution and cellobiose solution were chosen as the standard solutions. The specific 
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reagent was anisaldehyde / sulfuric acid / ethyl alcohol (1:1:18, V/V/V), which could make 

reducing sugar black after drying at high temperature. 

3) Standard solutions and samples were applied as 6-mm bands, 10 mm from the bottom edge 

of the plates. The plates were developed to a distance of 5 cm at room temperature. Then 

bake the plate at 95 ℃ for 25 minutes, and brown spots would appear on the plate. Compare 

the bands of standard solutions and samples to determine the presence of cellobiose in the 

sample. 

2.5.4 DNS standard curve  

Draw Standard Curve of Glucose: 

Prepare 1mg / ml glucose standard solution, take 0, 2, 4, 6, 8, 10 μL solutions respectively, and 

supplement distilled water to the total volume of 20ul. Add 30 μ l DNS ，react at 99 ℃ for 

10min, dilute the reaction solution 5 times to measure OD540. Taking the absorbance value as 

the abscissa and the corresponding molar amount of glucose as the ordinate, the standard 

curve is drawn and the linear equation is obtained. 

2.5.5 Congo Red Binding assay 

1) The final concentration of Congo red on the LB plate is 20 μM, and the corresponding 

concentration of antibiotics and 0.5 mM IPTG and 1% glucose are added; 

2) 2. Competent cells transformed with pET+acsAB and pET+acsAB+acsCD were plated onto 

the plate (the empty load containing pET and the uninduced plate was used as a negative 

control), cultured at 37 ° C, at 12 h, 24 h Observation of colony growth at 36h and 48h and 

longer; 

3) 3. The clones capable of producing red colonies (and negative control and uninduced) were 

picked into 5 mL of liquid culture supplemented with the corresponding concentration of 

antibiotics and 0.5 mM IPTG and 1% glucose, and cultured at 180 rpm, 30 ° C for 16 h; 

4) 4. Add Congo red to a final concentration of 20 μM, let stand at room temperature for 2 h, 

centrifuge at 4000 rpm for 10 min, and collect the bacterial collection supernatant; 

5) 5. After resuspending in 1×PBS, sonicated at a frequency of 15 s on/off for 3 min to collect 

soluble components and membrane components; 

6) 6. OD490 was detected because of the maximum absorption at 490 nm of the free Congo 

red and the incorporation of BC. 

Note:1. For OD490, full-wavelength scanning of different concentrations of free Congo red 

and Congo red combined with BC can be performed first by using a microplate reader; the 

maximum absorption peaks referenced in the literature are 497 nm, 488 nm, 595 nm; 

2. Confocal red solution (50 mg/mL), which had been previously prepared and sterilized, was 

used as the mother liquor. To achieve a final concentration of 20 μM in LB, it was calculated 

to be added in accordance with 278.7 μL-CongoRed mother liquor/L-LB. 

3. Purification of BC: The cellulose film was washed with a 1 N NaOH solution for a given 

period of time and then washed with distilled water until NaOH was removed. These purified 

membranes were air dried and weighed. 
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4. To measure the growth of BC-producing bacteria, the resulting BC should be completely 

digested with cellulase at 45 ° C, and appropriately diluted, and the cell growth measured at 

an optical density of 600 nm in a 1 cm wide cuvette. 


